Introduction: An aerobic, Mn(III)-oxidizing, Gram-negative, motile bacterium (strain GSL-010T) was isolated from deep waters of the St Lawrence Estuary (Canada) and subjected to a polyphasic taxonomic study. Results: Cells were mostly curved, motile rods (1.75 -2.2 x 0.5 -0.7 µm) with growth observed at 10 -37 ºC (optimum at 30 ºC), pH 5 -10 (optimum at 7.0 -7.5) and with 0 -3% (w/v) NaCl (optimum at 0.5%). Phylogenetic analysis based on 16S rRNA gene sequencing revealed strain GSL-010
INTRODUCTION
Diverse both genotypically and phenotypically, well-known as causative agents of food spoilage 1 and as opportunistic pathogens, 2 the genus Pseudomonas comprises over 191 species that are found in a wide range of terrestrial and aquatic ecosystems. Many Pseudomonas are capable of specialized processes, including the enzymatic oxidation of soluble Mn(II) to insoluble Mn(III,IV) oxides. This process has been extensively characterized in P. putida strains GB-1 and MnB1 [3] [4] [5] with very few studies focusing on Mn(III) oxidation. However, a recent re-evaluation of the previous Mn paradigm, which focused solely on the cycling between soluble Mn(II) and insoluble Mn(III,IV), has occurred. This was triggered by recent observation of significant concentrations of soluble ligand bound Mn(III) complexes (Mn(III)-L) in oxic, suboxic and some anoxic waters. [6] [7] Thus, the isolation and investigation of Mn(III)-L oxidizing bacteria, particularly those from environmentally significant genera such as Pseudomonas, will provide a deeper insight into the role of bacteria in the overall cycling of Mn(III) in aquatic systems. T was stored at -80ºC in LB supplemented with 20% (v/v) glycerol. As reference strains, P. plecoglossicida NBRC 103162 T and P. japonica IAM 15071 T were obtained from NITE Biological Resource Center (NBRC). The ability of the strains to oxidize Mn(II,III) were determined by observing Mn(IV) oxide formation during growth in MMA liquid media containing 100µM of Mn(II)-chloride, Mn(III)-citrate or Mn(III)-desferrioxamine B. The presence of Mn(IV) was detected using the Leucoberbelin blue assay as previously described. [9] [10] The ability of strain GSL-010 T to form and remove of Mn(III)-L complexes has only recently been investigated and published by the authors. 10 The isolation of strain GSL-010 T highlights the first instance of a bacterium obtained through the observation of Mn(IV) oxide formation from Mn(III)-L oxidation. The results of phenotypical and physiological characterization are given in Table 1 and in the species description. Purification of genomic DNA was achieved using the Wizard ® Genomic DNA Purification Kit (Promega) as per the manufacturer's instructions and confirmed as previously described. 10 The 16S rRNA gene was amplified with the primer set 27F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492R (5'-CGG TTA CCT TGT TAC GAC TT-3') using the GoTaq ® Green Master Mix (Promega) as previously described. 12 The 16S rRNA PCR amplicon was sequenced using primers 27F, 1492R, 785F (5'-GGA TTA GAT ACC CTG GTA-3') and 518R (5'-GTA TTA CCG CGG CTG CTG G-3'). Sequencing was achieved by capillary electrophoresis DNA sequencing and was performed by the OHSU DNA Services Core (Oregon, USA) utilizing the 3730xl DNA Analyzer that was purchased with funding from NIH Shared Instrumentation Grant S10 OD010609. Individual sequences were analyzed using BioEdit 7.2.6, 13 corrected manually and assembled to form a contig that was 1424 bp in length. The 16S rRNA for strain GSL-010
METHODS AND RESULTS

During a research cruise investigating the formation of Mn(III)
T was uploaded to GenBank (KY471137) and sequence similarity assessed using EzTaxon-e, 14 with the type strains of P. plecoglossicida and P. japonica. All data was generated in this study unless specified otherwise. Utilization of: 16 and is seen in Figure 1 . Bootstrap analysis (1000 replications) was employed to determine the stability of the tree topology. 17 Electron microscopy was performed at the Multiscale Microscopy Core (MMC) with technical support from the OHSU-FEI Living Lab and the OHSU Center for Spatial Systems Biomedicine (Oregon, USA). Cell size and morphology were examined after two days of growth in LB broth through negative staining, imaged at 120 kV on a FEI Tecnai™ Spirit TEM system (Figure 2) . Visualization of strain GSL-010
T indicated that cells are curved-rods with lophotrichous flagella. Gram-staining was performed as per standard procedure 18 and determined that strain GSL-010 T is Gram-negative. Growth in MMA was tested at different temperatures (4, 10, 16, 23, 30, 37, 45 and 55ºC) after 72 h at pH 7.5. The effect of pH (range 4.0-12.0, with intervals of 0.5 pH units) was assessed using MMA after 72 h at 30ºC. NaCl (w/v) at increasing concentrations (0, 1, 2, 3, 5, 7.5, 10, 15 and 20%) was tested in MMA at 30ºC, pH 7.5 and measured after 72 h. The following electron donors were tested for their ability to support growth: D-glucose, D-fructose, lactose, yeast extract, tryptone, formate, L-arabinose, peptone, casamino acids, succinamic acid, tartaric acid, xylose, ascorbate, xanthine, γ-hydroxybutyric acid, succinic acid, L-phenylalanine and phenylacetic acid. The ability of each strain to oxidize Mn(II), Mn(III)-L citrate or Mn(III)-desferrioxamine B was determined through the formation of dark brown oxides after 120 h, using MMA broth containing 100 µM of relevant Mn source at 30ºC, pH 7.5. The ability for strain GSL-010 T Fatty acid analysis, DNA G + C mol% content and DNA-DNA hybridization were performed by the identification service at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). Cellular fatty acid methyl esters were extracted and analyzed by saponification, methylation [19] [20] and separated using GC-FID and a Sherlock Microbial Identification System (Microbial ID; Delaware, United States). Strains were grown under identical conditions (LB-medium with incubation for 48 h at 30ºC) before submission to the DSMZ. Distinct differences were observed in the fatty acid composition of GSL-010 T compared to those of P. plecoglossicida and P. japonica ( Table 2 ). The cellular fatty acid profile of strain GSL-010 T was characterized primarily by summed feature 3 (40.43%), C 16:0 (32.29%), C 18:1 ω7c (8.30%) and C 12:0 2-OH (4.18%). The DNA mol% GC content was also determined through the disruption of cells, which were then hydrolyzed and the resulting deoxyribonucleosides measured using HPLC. [21] [22] Published genome sequences representing a G+C range of 43-72 mol% were used as standards and G+C values were calculated as per the method of Mesbah et al. 23 The genomic DNA G+C content determined for strain GSL-010 T was 59.7%, which was lower than the values reported for P. plecoglossicida (62.8%) and P. japonica (66.0%). DNA-DNA hybridization was achieved initially through cell disruption using a Constant Systems TS 0.75 KW (IUL Instruments, Germany) and the DNA was purified by chromatography. 20 Hybridization was performed as previously described 24 as modified by Huss et al. 25 using a model Cary 100 Bio UV/VIS-spectrophotometer (Varian; California, United States). The DNA-DNA hybridization values between strain GSL-010 T and P. plecoglossicida NBRC 103162 T (32.0%) and P. japonica IAM 15071 T (34.4%) was significantly below the ≤70% threshold recommended for defining a new species.
26-27
CONCLUSION
Based on the summary of genotypic and phenotypic results, we describe a novel species of the genus Pseudomonas represented by strain GSL-010 T and for which the name Pseudomonas laurentiana sp. nov. is proposed.
Description of Pseudomonas laurentiana sp. nov.
Pseudomonas laurentiana (lau.ren.ti.a'na. N.L. fem. adj. laurentiana [italic type] pertaining to Lawrence Estuary); the isolation source of the type strain. Cells (curved-rods) are strictly aerobic and stain Gram-negative. Cells are 1.75 -2.2 µm in length and 0.5 -0.7 µm in width and are motile with lophotrichous flagella. The optimum temperature for growth is 30ºC; growth occurs at 10 -30ºC but not at 4ºC or 37ºC. The optimal pH for growth is 7 -7.5; growth occurs between pH 5.0 -10.0. Growth is observed in the presence of 0 -3 % NaCl (but not in ≥ 4 %) with an optimal concentration of 0.5%. Testing for catalase is positive. Assimilation of D-glucose, D-fructose, sucrose, lactose, yeast extract, tryptone, formate, L-arabinose, peptone, casamino acids, γ-hydroxybutyric acid, tartaric acid, succinamic acid and phenylacetic acid was observed; however, ascorbate, xanthine, succinic acid, maleic acid, L-asparagine, L-methionine or L-phenylalanine could not be utilized as sole carbon sources. Mn(IV) oxide formation was observed in cultures containing 
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